Sorghum and finger millet grains are traditional staple foods in Kenya. However, they have naturally occurring anti-nutritional factors, such as phytic acid, that decrease their dietary availability. This work determined the effect of fermentation and malting on the phytic acid content of, and mineral availability in five varieties of sorghum and four varieties of finger millet grain grown in Kenya. Phytic acid ranged from 875.1 to 2,211.9 mg/100 g in sorghum. The levels in finger millet ranged from 851.6 to 1,419.4 mg /100 g grain. Fermentation resulted in a mean decrease of phytic acid in of 64.8% after 96 hours and 39.0% after 72 hours in sorghum grain. In finger millet, there was a mean decrease of 72.3% and 54.3% after 96 and 72 hours, respectively. Malting also resulted in a mean decrease of 23.9 and 45.3% after 72 and 96 hours, respectively. The extent of decrease of phytic acid differed among the grain varieties. Fermentation increased the rate of available iron, manganese, and calcium in both sorghum and finger millet. The available minerals were generally higher in finger millet than in sorghum after fermentation. Fermentation was also more effective than malting in reducing phytic acid in sorghum and finger millet. Simple traditional food processing methods can therefore be used to increase mineral availability.
Introduction
Sorghum, Sorghum bicolor (L) Moench and finger millet, Eleusine coracana, have been staple foods in Kenya and many other African countries for centuries [1] . These crops are still the principal source of energy, and even of protein and minerals for a large segment of population in these regions. They are better adapted than many other crops to these regions. For instance sorghum is fairly drought tolerant and can grow relatively well in the arid and semi-arid land zones. This is an important consideration in Kenya, where about 80% of the landmass fall within the arid and semi-arid land zones. They are also grown with relatively little application of inputs such as fertilizer by many small holder farmers. Finger millet can be stored for long periods, without insect damage [2] . This is important during drought and famine periods, as insect pests destroy most other crops during periods of long storage.
As with many other foods, sorghum and millet grain are associated with some naturally occurring anti-nutritional factors, which reduce their nutritional value. Notable among these factors are phytic acid and polyphenols or tannins. Although the presence of these factors in the grain have been known for over a century, their biological role is not completely understood.
Phytic acid is a strong acid, which binds to many types of bivalent and trivalent cations, including mineral nutrients such as phosphorous and iron. Most of the phytate-metal complexes are insoluble at the physiological pH in the human body. Therefore phytate binding renders some minerals biologically unavailable to the body. Doherty et al. [3] observed that over 85% of the total phosphorous in sorghum grain was bound as phytin phosphorous. Wang et al. [4] reported earlier that the phytin was mainly distributed in the germ and bran of the grain, while the endosperm had the least.
Bioavailability of iron from sorghum grain for human subjects was found to be affected more by the phytin phosphorous than by the tannin content of the sorghum grain [5] . Ionizable iron was inversely correlated and soluble zinc negatively correlated with phytin phosphorous [6] . It has been reported elsewhere that germination of sorghum increased its relative nutritive value, mainly by reducing the level of phytate [7, 8] .
Similar observations were also made for finger millet [9] [10] [11] . Fermentation in millet has also been reported
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to reduce phytin phosphorous [12] .
In Kenya, traditional processing of finger millet and sorghum may involve fermentation or malting. However, there is little information on the effect of these processes on the nutritional quality of the many varieties of these grains. The main objective of the study was to determine the effect of natural fermentation and malting on phytate and mineral availability in sorghum and finger millet grain grown in Kenya.
Materials and methods
The sorghum and finger millet varieties were obtained from the Kenya Agriculture Research Institute (KARI), Kakamega research station in western Kenya. The sorghum varieties were ICS 3, ICS 4, DC 75, DC 8602, and Serena. The finger millet varieties were EKR 227, EKR 228, U 15, and Ikhulule. The grain was cleaned by sieving and then finely milled to obtain a fine ground flour.
Malting was done as described by Gomez et al. [13] . Clean whole grain was steeped for 24 hours, then germinated for 72 or 96 hours. (Traditionally, it is done for three to four days). It was then dried at 50°C for 24 hours. For fermentation the clean grain was finely ground into flour. The flour was then mixed into dough with an equal amount of distilled water on weight basis. The dough was allowed to ferment naturally for 48, 72, or 96 hours. (Traditionally, it ferments for two to four days). Moisture was determined using an air oven [14] .
Iron, zinc, copper, manganese, and magnesium in the malted and fermented grain samples were determined using an atomic absorption spectrophotometer [14, 15] . The available minerals in, malted and fermented grain samples were determined by the HCl extraction method [16] . Phytic acid was determined by extraction in HCl, centrifugation, and then measurement by a colorimeter [17] .
Results and discussion

Mineral content of sorghum and finger millet
The mineral content of sorghum and finger millet is shown in tables 1 and 2, respectively. There was significant difference (p < .05) in the content of each mineral among the sorghum varieties. The manganese content in sorghum varied from 2.0 in DC 8602 to 3.2 mg per 100 g in ICS 4, with a mean of 2.6mg per 100 g dry matter (DM). The minimum iron content was 4.0 in DC 8602, while the maximum was 6.5 in ICS 3. The mean iron content was 5.5 mg per 100 g DM. Calcium was generally low and varied from 4.0 mg per 100 g DM in Serena to 6.8 mg per 100 g DM in ICS 4, with a mean of 4.9 mg per 100 g DM. Sodium varied widely from 66.7 in serena to 150.0 in ICS 3. The mean was 97.5 mg per 100 g DM. The lowest potassium content was 360.0 in ICS 4 while the highest was 650.0 mg per 100 g DM in ICS 3. The mean potassium content was 444.0 mg per 100 g DM. Magnesium varied widely from a minimum of 25.0 in ICS 3 to a maximum of 300 mg per 100 g DM. These mineral contents are within the ranges elsewhere [1, 18] .
For finger millet, manganese varied from a minimum of 3.7 mg per 100 g DM in U 15 to a maximum of 121.3 There was a significant difference (p < .05) in the content of each mineral among the finger millet varieties. The mineral composition in the finger millet is also generally similar to that reported earlier [18] . Finger millet varieties have higher levels of calcium, manganese, and sodium than sorghum grain. On the other hand, the sorghum grain samples have a mean magnesium content of 228.5, which is much higher than that of finger millet at 157.7 mg per 100 g DM.
Effect of natural fermentation on mineral availability
Mineral availability was determined in the fresh grain samples and after fermentation periods of 72 or 96 hours. Except for sodium and potassium, fermentation increased the availability of all the other minerals in the sorghum (table 3) . Increasing the fermentation time from 72 to 96 hours resulted in a further increase in the availability of the minerals. However, it was noted that at each period, the percent increase in the availability of each mineral differed among the sorghum varieties. Expectedly, fermentation did not significantly affect the availability of sodium and potassium since they are monovalent cations and are not bound by phytic acid.
Fermentation of finger millet dough similarly resulted in an increase in availability of iron, manganese, calcium, and magnesium (table 4). The mineral availability increased with longer fermentation periods.
Effect of fermentation on phytic acid in sorghum grain
The effect of fermentation on the phytic acid content in sorghum grain is shown in table 5. The mean phytic acid content was 1,657.1 mg per 100 g DM in the five sorghum grain samples. These results were comparable to those reported by Doherty et al. [3] . There was a significant difference (p < 0.05) in the phytic acid content among sorghum varieties. DC 75, ICS 4, and DC 8602 had phytic acid contents of 2,211.9, 1,903.1 and 1,826.5 mg per 100 g DM, respectively. These were significantly higher (p < .05) than those in ICS 3 and Serena, which were 875.1 and 1,468.8 mg per 100 g DM, respectively. In all cases, fermentation resulted in a decrease in phytic acid. The reduction was more when the fermentation time was increased from 72 to 96 hours. The percentage decrease differed with varieties (P < 0.05), with DC 8602 having the highest decrease of 76.7% while Serena had the lowest of 51.6% after a fermentation period of 96 hours.
Effect of fermentation and malting on phytic acid content in finger millet
The effect of fermentation and malting on the phytic acid content in finger millet is shown in tables 6 and 7, respectively. The mean phytic acid content of finger millet grain was 1,171.0 mg per 100 g DM. The minimum content was 851.6 mg per 100 g DM in Ikhulule while the maximum content was 1,419.4 mg per 100 g DM in EKR 227. The mean decreases after 72 and 96 hours fermentation were 54.3% and 72.3%, respectively. The decrease did not appear to differ significantly (p < .05) among finger millet varieties after 96 hours of fermentation. This may indicate that at 
Conclusion and recommendations
Fermentation and malting under conditions similar to those applied traditionally in Kenya were effective in drastically reducing phytic acid levels in sorghum and finger millet grain. However, the extent of reduction varied among the varieties of sorghum and finger millet. Fermentation increased the availability of minerals in the sorghum and finger millet grains. There is need for analysis of more local varieties of sorghum and finger millet to determine the effect of traditional malting and fermentation on them. It would also be useful to investigate the basis for differences in the phytic acid content and availability among sorghum and finger millet varieties grown under the same conditions.
